This multi-visit, real-time functional magnetic resonance imaging feedback study demonstrates that treatment-seeking smokers can effectively modulate their behavioral and brain responses to smoking cues. They are more effective at decreasing activity in functionally defined regions involved in "craving" (e.g. ventral anterior cingulate cortex (vACC)) rather than increasing activity in regions involved in "resisting" (e.g. dorsal medial prefrontal cortex (dmPFC)).
Introduction
Loss of control over drug-taking is a hallmark of addiction (Baler and Volkow, 2006) . Substance-dependent individuals often have a diminished sense of agency over their actions (Bunch and Schneider, 1991; Zeiner et al., 1985) , and are highly responsive to immediate rewards (Bickel and Yi, 2008; Potenza, 2007) . Smokers with a higher sense of agency over their actions, however, have significantly better outcomes during smoking cessation attempts (Gregor et al., 2008; McKenna and Higgins, 1997; Rosenbaum and Argon, 1979) .
Real-time functional magnetic resonance imaging (rtfMRI) is a relatively new neuroimaging technique that may enhance individuals' sense of agency by providing them with ongoing feedback about their neural response to a certain cue and instructing them to increase or attenuate that response. This technique has been explored for pain (deCharms et al., 2005) , anxiety (Caria et al., 2010; Johnson et al., 2012) , and recently addiction (Li et al., 2012) . The optimal spatial and temporal parameters for rtfMRI experiments, however, are unknown and likely unique to each disease state. The primary goal of this multivisit rtfMRI study was to determine whether smokers receive maximal benefit from trying to decrease activity in a brain region activated by smoking cues or increase activity in a brain region activated when trying to resist the urge to smoke.
Methods
Participants were recruited through advertisements in local print and broadcast media. Interested individuals contacted us by phone wherein they were given a brief questionnaire (prescreening). Participants that met initial criteria were invited in for a screening visit (n¼ 21) wherein they provided informed consent and were asked a series of questions about their medical and social history including current and past drug and alcohol use. Given the limited time available for a thorough neuropsychiatric evaluation in these nicotine smokers, lifetime psychopathology was assessed with the Mini-International Neuropsychiatric Interview. Fifteen right-handed, treatment-seeking, nicotine-dependent smokers (≥10 cigarettes/day, 21-45 years old) were recruited through local resources. Exclusion criteria were as follows: current nicotine replacement therapy, bupropion, varenicline, psychoactive medications, past neurological illness, Axis-I psychiatric disorder, hypertension, cardiac disease, diabetes, pregnancy, and history of nonnicotine substance dependence. All procedures were approved by the MUSC Institutional Review Board.
Eligible participants were scheduled to attend three rtfMRI scanning visits (inter-visit interval ¼ 7-10 days). During each visit participants were exposed to four runs of an established nicotine cue-induced craving paradigm (blocks of smoking-related images, neutral-images, and rest) (Hartwell et al., 2011; Geier et al., 2000) . During Region of Interest (ROI) Isolation runs (Runs 1 & 2), participants were instructed to "allow yourself to crave" (Run 1) or "resist the urge to smoke" (Run 2) during smoking image exposure. Unique, task-driven ROIs for "crave" and "resist" were selected for each individual [peak BOLD response in the prefrontal cortex (PFC), minimum t-value ¼3. 
